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© The spread spectrum digital communication sys- 
tem includes data input devices for generating digital 
information signals to be transmitted using radio 
signals. A chip stream generator converts the data 
bits into chip streams that are either complemented 
or not complemented via an exclusive-OR gate, de- 
pending on the data bits. A scrambler fu rtjner^ran- 
d omizes the chip stream fo r transmission. The re- 
ceiver includes a descrambler and a correlator or 
digital matched filter for detecting the data signal. A 
modified receiver includes a sampler for sampling 
the scrambled signal at a rate which is the multiple 
of the chip rate thereby eljmiflating-any^jaftri for 
recoveringJfie,i;tli P-ClPi;hu Another modified version 
includes a receiver having means for generating 
multi-level signals indicating the quality of the prob- 
able detection. 
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SPREAD SPECTRUM COMMUNICATION SYSTEM 



BACKGROUND OF THE INVENTION 



SUMMARY OF THE INVENTION 



Field of the Invention 

The present invention relates to digital commu- 
nication systems, and more particularly pertains to 
a system that employs spread spectrum tech- 
niques for signal transmissions. 



Description of the Prior Art 

The use of spread spectrum techniques for the 
transmission of signals by radio, radar, television, 
etc. is well known. It is generally understood that 
spread spectrum communication systems have a 
number of advantages over other systems. For 
example, spread spectrum communication systems 
are particularly useful in resisting external interfer- 
ence, operating with low energy spectral density, 
providing multiple-access capability without exter- 
nal, control, and making it difficult for unauthorized 
receivers to observe the message. Clearly, in the 
past, many of these features have made the use of 
spread spectrum techniques of special importance 
in military communications. Important non-military 
applications of spread spectrum communication 
have also been proposed. 

For instance, because a plurality of spread 
spectrum systems can operate without mutual in- 
terference, the Federal Communication Commis- 
sion (FCC) has encouraged its commercial use by 
designating a frequency band over which unlicen- 
sed operators may transmit properly generated 
spread spectaim signals. One important processing 
standard set by the FCC is the amount of ran- 
domizing required in the spread spectrum trans- 
missions. The FCC has specified that the transmis- 
sions should have a degree of randomness similar 
to that of a code having at least some specified 
number of chips, presently this number is 127 
chips. Of course, the randomness standard is im- 
portant for all spread spectrum systems if interfer- 
ence is to be avoided when using the same or 
adjacent bands. 

One of the most critical problems confronting 
designers of digital communication systems that 
employ spread spectrum techniques is to accom- 
plish the required randomness while conserving 
bandwidth and increasing bit transmission speed. 
The present invention fulfills this need. 



The general purpose of this invention is to 

5 provide a spread spectrum communication system 
that achieves a level of randomness that is signifi- 
cantly greater than that afforded by the size of the 
chip code employed by the system. As such, ban- 
dwidth is consen/ed while bit transmission speed is 

10 maximized. To attain this, the present invention 
contemplates a unique combination of a chip 
stream generator for coding an information signal, 
and a scrambler for scrambling the coded informa- 
tion signal to increase its randomness before trans- 

;5 mission. Also provided are a receiver having 
means for descrambling the received signal and a 
data detector for recovering the original signal. 

It is. therefore, an object of the present inven- 
tion to provide a communication system intended 

20 for the efficient communication of a digital data bit 
stream using spread spectrum techniques. 

Another object is to provide a means for in- 
creasing the randomness of a coded signal while 
consen/ing bandwidth and bit transmission rate. 

25 A further object of the invention is the provision 

of a spread spectrum communication system hav- 
ing a means for receiving a randomized coded 
signal such that errors are minimized. 

The exact nature of the invention, as well as 

30 other objects and advantages thereof, will be read- 
ily apparent from consideration of the following 
specification relating to the annexed drawing. 
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BRIEF DESCRIPTION OF THE DRAWING 



FIG. 1 is a block diagram of a preferred 
embodiment showing a communication system 
40 made in accordance with the present invention. 

FIG. 2 is a block diagram, showing in greater 
detail a portion of the system shown in FIG. i . 

FIG. 3 is a detailed schematic of a portion of 
the system shown in FIG. 2. 
^5 FiG. 4 is a block diagram of a portion of the 

receiver shown in FIG. 2. 

FIG. 5 is a detailed schematic of a portion of 
the receiver shown in FIG. 4. 

FIGS. 6A and 68 are charts showing the 
50 signals appearing at various points in the diagrams 

of FIGS. 1-5. 

FIGS. 7 and 8 are detailed schematics, simi- 
lar to FIG. 5. showing modifications of the present 
invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



The present invention involves the use of a 
chip sequence in a spread spectrum communica- 
tion system. The term "chip sequence", conform- 
ing to conventional usage, refers to the use of a 
plurality of bits, called chips, which are used as a 
set to encode each of the data bits. In the following 
description, the disclosed chip sequence employs 
a chip code having a set of ten chips; the number 
ten being chosen only for convenience to illustrate 
the preferred embodiment. As will become clear to 
those skilfed in these arts, chip sequences having a 
smaller or larger number of chips may be used to 
practice the present invention. Also, because the 
size of the chip sequence is ten chips, many of the 
elements used to illustrate the preferred embodi- 
ment will have a particular size which should not be 
construed as limiting. 

FIG. 1 shows a digital communication system 
10 using the principles of the present invention. 
System 10 is shown to have a plurality of sub- 
systems A-E capable of transmitting and receiving 
signals S1-S5. The subsystems A-E represent the 
components of a typical computer system intercon- 
nected by a local area network. As can be seen in 
FIG. 1. the local area network is wireless and 
employs the use of radio signals S1-S5 generated 
in network boxes L to communicate between the 
subsystems A-E. Subsystems A and B are similar 
and each include a microcomputer connected to a 
network box L. Subsystem C depicts a typical 
minicomputer connected to a network box L Sub- 
system D shows a computer peripheral PR, such 
as a printer, an x-y plotter, or the like, also con- 
nected to a network box L. Subsystem E repre- 
sents a digital voice coder connected to its network 
box L. A typical subsystem 10 could, of course, 
have substantially more subsystems than shown in 
FIG. 1. Each subsystem A-E would be connected 
to its network Box L by an RS-232 cable. 

In operation, the subsystems A-E communicate 
with each other for the purpose of exchanging data, 
sharing peripherals, and the like. As known to those 
skilled in these arts, there are many standardized 
communications protocols that may be used by 
system 10 to effect proper communication between 
the subsystems A-E. In general, communications 
take place between subsystems A-E via the net- 
work boxes L which are each capable of broadcast- 
ing a radio signal S through space and receiving 
such signals. The information transmitted in a par- 
ticular broadcast signal S may be intended for use 
by only one. a few, or ail of the subsystems A-E. In 
any case, signals Sl-SS will normally include the 
information to be transmitted plus the conventional 



control signals and protocol signals necessary for 
proper operation. 

According to the principles of the present in- 
vention, network boxes L would also each include 
5 an appropriate spread spectrum transmitter system 
20 and receiver system 21 (FIG. 2). The transmitter 
system 20 is shown to include a bit-lo-chip con- 
verter 30 having a data input line and a chip clock 
input line. The output of converter 30 is connected 
to to the input of an RF transmitter 31 for transmitting 
signal S. Signal S is received by an RF receiver 33 
that is connected to a chip-to-bit converter 35 hav- 
ing a data line and a data clock output line. 

FIG. 3 shows the details of bit-to-chip converter 
15 30. the front portion of which is a chip encoder 40 
that has an output connected to scrambler 42. 
Encoder 40 is connected to the data input line and 
the chip clock input line. The data input line is 
connected to one input (a) of an exclusive-OR gate 
20 46. The second input (b) to exctusive-OR gate 46 
is derived from the output of a chip sequence 
generator composed of a digital counter 48 and a 
logic function generator 50. In scrambler 42, an 
exclusive-OR gate 5i has one input (c) connected 
25 directly to the output of gate 46 and its second 
input (d) connected to the last or eleventh stage of 
an 11 -bit shift register 53. It is noted here that 
register 53 is shown as having eleven stages for 
convenience only and to accommodate the size of 
30 the chip sequence which in the present example is 
ten chips long. As will become evident to those 
skilled in these arts, registers having a different 
number of stages are also possible and. in fact, 
may even be necessairy when a different size chip 
35 sequence is used. The output of gate 51 is con- 
nected to the first stage of shift register 53 and to 
the output line (e) of scrambler 42. Shift register 53 
includes a clock input terminal 54 to which the chip 
clock signal is applied for providing shift pulses to 
40 register 53. 

The operation of the bit-to-chip converter 30. 
i.e.. the chip encoder 40 plus the scrambler 42. is 
as follows: A data bit stream to be communicated 
is typically generated by external means, e.g., a 
45 digital voice coder» a computer, a printer, etc (FIG. 
1) and transmitted to a network box L via an RS 
232 cable or other suitable transmission means, it 
is noted that it is also likely that a typical network 
box L might itself generate data for transmission. 
50 After entering box L the data is property formatted 
for use by the network in a conventional manner. 
The resulting data then enters the transmitter sys- 
tem 20 of network box L via the data input line of 
chip, encoder 40 (FIG. 2). Each subsystem A-E 
55 generates or is supplied with a master clock signal 
that is used to generate the data bits. A chip clock 
signal, also derived from the master clock, is ap- 
plied to the chip clock input line of chip encoder 
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'•Q. The chip clock signal is counted in groups of 
ten by digital counter 48 that has four parallel 
output lines that provide counts from 0 to 9 and 
then recycles. It is again noted that a number other 
than ten may be used. The logic function generator 
50. in response to the digital count represented by 
the four bits produced by counter 48. will generate 
a predetermined series of ten chips to form the 
chip sequence. The ten chips or chip sequence 
will, in general, be a pseudorandom code referred 
to herein as a chip code. For purposes of illustra- 
tion only, the chip code used herein will have the 
following form: 1110010010. As such, generator 50 
may simply be a ROM programmed to produce the 
appropriate chip sequence as the counter 48 steps 
through its counting cycle. The chips will each 
have a pulse period equal to one-tenth the pulse 
perrod of the data bits. Other types of circuits may 
also be used to produce the chip sequence. For 
example, it is contemplated that a coder of the 
type having a shift register with feedback may be 
used to implement generator 50. 

The exclusive-OR gate 46 gates the chip se- 
quences on input (b) with each of the data bits on 
input (a) to produce an output signal, called a chip 
stream, that is either the chip sequence or the 
complement of the chip sequence depending on 
the data bit. The chip stream, is then scrambled in 
scrambler 42. The chip stream on input (c) is gated 
oy exclusive-OR gate 51 with an ii-bit delayed 
/ersion of the output of the exclusive-OR gate 51 
jerived from the last stage of the i i-bit digital shift 
egister 53. Finally, the output (e) of gate 51 is fed 
0 the RF transmitter 31 wherein the now scram- 
;ied chip stream is transmitted by transmitter 
neans using conventional modulation techniques 
uch as frequency or phase shift keying. 

With particular reference to FIG. 4. after the 
ignal S is demodulated by RF receiver 33, it is fed 
0 the input of chip- to-bit converter 35 which 
icludes as its first stage a descrambler 55. The 
utput of descrambler 55 is inputted to a correlator 
7, shown here as a digital matched filter, for 
etection. 

As seen in FIG. 5. the descrambler 55. similar 
^ scrambler 42. includes a 12-stage digital shift 
3gister €3 whose first and last stages are tapped 
? provide inputs to an exclusive-OR gate 65. The 
-lift register 63 has the input to its first stage 
onnected to the output of receiver 33 and its shift 
jrminal 64 connected to the output of a conven- 
Dnal chip clock recovery device in receiver 33. A 
nase-iocked loop detector may be employed by 
iceiver 33 in a conventional manner to recover the 
nip* clock signal. In effect, the exclusive-OR gate 
5 gates the received signal with an 11 -bit delayed 
?tiion of the received signal, thereby reversing 
e Effects of scrambler 42. except for any errors 



that were generated as a result of the transmission. 
Also, to invert the effects, of scrambling, a suffi- 
cient number of bits must have entered the de- 
scrambler 55 to flush any initial unknown state. 
5 Errors in the received chip stream will produce 

an error in the descrambled chip stream each time 
the chip error is in a tapped position of the de- 
scrambler shift register 63. Therefore, each re- 
ceived chip error will generally produce two de- 
10 scrambled chip errors using the two-tap descram- 
bler 63, although it is possible that chip errors with 
the correct spacing will occasionally cancel each 
other. It is highly desirable to ensure that these 
related chip errors do not all fall within one data bit 

/5 time, i.e.. for the present example, 10 chip times in 
the present 10 chip-per-bit system. This criterion 
determines the desired tap spacing in the scram- 
bler 53 and descrambler 63. In a 10 chip-per-bit 
system as shown herein, the taps should be at 

20 least 10 chips apart. A further consideration Is that 
the taps should not be equally spaced to avoid 
unusual error feedback conditions. So, in a 10 chip- 
per-bit system, if three taps are used, taps at 
positions 0. 10 and 21 are an acceptable choice. 

25 Likewise, for a 16 chipper-bit system, taps at posi- 
tions 0. 16 and 33 are acceptable. In the present 
two-tap descrambler 63. the choice of 0 and 1 1 is 
acceptable. 

The output of descrambler 55 is next detected 
30 in a matched filter in correlator 57. The output of 
exclusive-OR gate 65 is connected to the input of 
the first stage of a lO-stage shift register 70. The 
shift, terminal 69 for register 70 is connected to the 
chip clock recovery device in receiver 33. Each of 
35 the ten stages of register 70 is tapped. A set of 
inverters 71 are connected to a number of the taps 
in accordance with the structure of the chip code 
used in the system and generated in generator 50. 
^ Because it is assumed here for purposes of illustra- 
40 tion only, that the chip code has the form 
1110010010, the inverters 71 are similarly placed 
in the ten taps of register 70 to complement the 
five outputs corresponding to the "I" chips in the 
chip code. 

45 The resulting complemented and non-comple- 

mented tap positions are summed by a summing 
network 73 which tallies the number of "1" inputs. 
In the present 10 chip-per-bit system, this sum will 
range between zero and ten. In the absence of bit 

50 errors, this sum will be exactly zero or ten when 
the descrambled chips corresponding to a single 
transmitted data bit are correctly positioned to fill 
the ten stages of the correlator shift register 70. 
The sum will be exactly zero when the transmitted 

55 data bit was a "0" and exactly ten when the 
transmitted data bit was a "1*. In the presence of 
chip errors, these numbers will move closer to the 
center value of five, but it is clear that five or more 
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chip errors from the descrambler 55 during a data 
bit time are needed to cause a bit error because bit 
decisions are made on the basis of whether the 
output sum is closer to zero or to ten. 

When the chip stream is not correctly aligned 
in the register 70. an intermediate sum value near 
five is expected. The stored chip stream, being, a 
pseudorandom code, is predetermined in such a 
way as to ensure this. Therefore, the sum output 
from network 73 is a sequence of numbers be- 
tween zero and ten. which is generally near five, 
but approaches the extreme of zero or ten at a 
spacing of ten chip time periods. 

FIG. 6 illustrates the series of bits that are 
present at various points in the instant system 
during the transmission of the following series of 
eight data bits, referred to here as "transmit data 
bits", listed in the first column: nOOOnO. As seen 
in FIG. 3, these eight data bits will appear at point 
(a) at the data clock rate. Simultaneously, under the 
influence of the chip clock signal, having a rate ten 
times greater than the data rate, counter 48 will 
produce sets of four counting bits each set having 
the values listed in the second column. In re- 
sponse, generator 50 will output a chip sequence 
at point (b) as listed in the third column. The output 
(c) of the exciusive-OR gate 46 is shown in the 
fourth column which repeats the same sequence of 
chips in the third column or the complement of the 
sequence in the third column depending on the 
value of the data bits in the first column. For 
example, a in the transmit data bit (first col- 
umn) will result in the complement of the chip 
sequence (third column) to occur at point (c)(fourth 
column). 

The output of scrambler 42 at point (e)(column 
5) is initially meaningless but then quickly becomes 
a predictable bit stream having a significantly high- 
er degree of randomness than that of the series of 
transmit chips at point (c)(column 4), It can be seen 
from the chart that scrambling does not begin until 
count 4 in the third transmit data bit of column 1 . 
The series of unscrambled chips appearing at the 
output of descrambler 55, point (0. is listed m the 
sixth column. The bits listed in the sixth column 
would be received assuming errorless transmis- 
sion. The corresponding correlator sum from net- 
work 73. point (g). is listed in the seventh column. 
As can be seen from the series of correlator sum 
values (g). every tenth value is either a zero or a 

ten and the other values range from three to seven. 

Also when the correlator sum (g) is equal to zero. 

it corresponds to a transmit data bit "0" (first 

column) and when it has a value ten it corresponds 

to a transmit data bit "1"- 

In summary, the transmit data bits at point (a) 

are encoded using a chip sequence of ten bits. 

thereby producing a sequence at point (c) that has 



greater randomness than the signal at point (a). 
The randomness of the transmit chips is further 
increased by the scrambler 42 before transmission 
as a radio signal S. The original data is readily 
5 detected after reception by receiver 33. unscram- 
bling in descrambler 55 and then correlation in 
correlator 57. 

Columns 8-10 in FIG. 6 demonstrate corre- 
sponding results to those found in columns 5-7, 
10 respectively, for a situation in which there were 
receive errors. The chips listed in column 8 repre- 
sent the input to descrambler 55 and differ from 
the chips in column 5 for those chips, circled in 
column 8. The circled chips represent errors. As 
;s can be seen, a single-chip error in a ten-chip 
series, i.e.. the length of the register 70 in cor- 
relator 57, will produce only a minor difference in 
the sum output value of network 73. i.e.. from ten 
to nine (column 10). However, a series of three 
20 errors in a ten-bit senes will have a relatively larger 
effect on the sum output, i.e.. from zero to four, but 
will still not produce an erroneous output since 
values from zero to five are interpreted as a "0" 
data bit and sums from six to ten are interpreted as 
25 a "1" data bit. Because the vast majonty of the 
sums will equal either a zero or a ten in the same 
relative time slot for each cycle, e.g.. the first chip 
time slot, and the remaining sums in the other time 
slots will have a value close to half the difference. 
30 i e.. 5. the data signal and the data clock may be 
easily recovered by a conventional recovery means 
59 at the receiver 21 using threshold circuits and a 
phase-locked loop detector. 

It is noted here that the degree of randomness 
35 achieved by first encoding the data with a ten-bit 
chip sequence and then scrambling it in accor- 
dance with the principles of the present invention 
will result in a transmission signal having a degree 
of randomness greater than that achieved m a 
40 conventional system using a chip sequence of 127 
chips. Additionally, in the present scheme, the 
transmission rate will be significantly less, using 
ten bits-per-chip as compared to using 127 bits- 
per-chip without scrambling. The present scheme 
45 will also result in the transmission of a signal hav- 
ing a relatively narrower bandwidth than that re- 
quired to transmit 127 bits-per<hip at the same 
data rate. 

FIG 7 shows a modified receiver 121 wherein 
50 recovery of the chip clock may be postponed in- 
definitely and merges this operation into the bit 
clock recovery operation. It is desirable to post- 
pone chip clock recovery because errors in that 
operation can have catastrophic results for bit re- 
55 covery. In this modified receiver system 121. the 
demodulated receiver output is sampled by a sn.ft 
register 163 using an internal dock 134 having a 
clock rate at about four times the chip clock rate. 
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This sampled stream is fed to a descrambler 163. 
The descrambler 163 is simitar to the descrambler 
63. described above, except that the taps are 
spaced four times further apart than previously. For 
example, in general if the transmitter scrambler 
taps are at positions 10 and 21. then the cor- 
responding three descrambler taps will be at posi- 
tions 0. 40 and 84. Scrambler 42, with a single tap 
at 11. (FIG. 3), requires that descrambler 155 have 
taps at and 44. The descrambler output (f ) is fed 
to a digital correlator 157, having a matched filter 
similar to that described above but having a shift 
register 170 about four times longer. The tap spac- 
ing and clock rate at descrambler 155 and cor- 
relator 157 must be equal. For example, a ten chip- 
per-bit sequence requires 4 ' (10-1) * 1 = 37 
stages. The tapped positions are 0. 4. 8. 12. 16. 20. 
24. 28, 32. 36. The shift signals for register 170 are 
applied to clock terminal 169 and are derived from 
clock 134. The complementing pattern for inverters 
171 is applied here as was applied above for 
inverters 71, and the 10 outputs are fed to an 
identical summing network 173. The output of this 
summing network 173 will vary between 0 and 10 
in the same fashion as above, and the data signal 
and bit clock are extracted in the same manner by 
recovery device 59. Note that chip clock recovery 
need not be performed in this system. 

The clock 134 is employed by the receiver to 
approximate the chip clock signal. The clock rate of 
clock 134 need not be exact and need not be in 
phase with the chip clock signal. As such, there will 
normally be a slow drift between the phase of the 
chip clock signal and the clock 134. thereby caus- 
ing some jitter in the output. However, because 
there are four samples made for each chip, the 
matched filter output from sumrriing network will 
generally still be possible by a conventional recov- 
ery device 59 using threshold circuits. Also, a con- 
ventional phase-locked loop detector may be used 
to recover the data clock as before. Of course, 
because there will be some drift in the output or 
oecause the sampling rate is not exact, the quality 
of the detected data signal will not always be the 
same. Improvements in detecting the data signal 
may be realized by determining the quality of the 
signal and using this result to operate the recovery 
device 59. 

FIG. 8 shows a modified embodiment wherein 
a confidence-tevel signal is generated that may be 
used by the control signal of the phase-locked loop 
detector to improve detection. In FIG. 8. there is 
shown a further modified receiver 221 designed to 
carry multilevel information through its shift regis- 
ters 263, 270 to provide a still further improvement 
m performance. In receiver 221. a sampler 234 
produces multilevel information, called "dibits", 
upon sampling the output of the demodulator in RF 



receiver 33 under control of a clock applied to 
terminal 233. The clock signal in this case may be 
a recovered chip clock as shown in FIG. 5 or an 
internally generated multiple of the chip clock as 
5 descnbed in FIG. 7. The present example assumes 
the use of a recovered chip clock. This recovered 
chip clock is also applied to the shift terminals 265 
and 275 of shift registers 263 and 270. respec- 
tively. The dibits may be generated by sampler 

10 234 as follows: 00 very likely a "0"; 01 likely a "0": 
10 likely a "1"; and il very likely a "1". Each dibit 
proceeds through dual shift register 263 of de- 
scrambler 255. The shift register 263 is tapped at 
the first and twelfth (or last) stages and then 

'5 mapped by dibit mappers 201 and 202. e.g.. 0/A 
converters, to new values as follows: 00 to -3; 01 to 
-1; 10 to '♦■I; and 11 to *3. These new values are 
fed to a multiplier 203 and then to a coder 204 
having five outputs for encoding the product signal 

20 which will fall into six quantized levels between -9 
and +9. The outputs of encoder 204. e.g.. an A,D 
converter, are fed to correlator 257 having a 5 x 10 
bit shift register 270 with the ten stages tapped by 
decoders 205. e.g., D/A converters, and inverted as 

25 before, i.e.. with selective placement of inverters 
271 as described earlier. It is noted that although 
each tap of register 263 includes two taps only one 
line is shown, one tap for each cell in stages 1 and 
12. Likewise, for register 270 each stage has 5 

30 taps, one for each cell. The summing network 273 
produces a sum output as described earlier, it is 
noted that although the correlator 257 and encoder 
204 use five bits to encode the apparent 1 9 values 
between -9 and + 9. it will be clear to those skilled 

js in these arts that since the results of descrambling 
at point (f ) take on only six discrete values, viz. -9. 
-3. -1. +1, +3 and -^9. these six values can be 
encoded as a three bit code. 

In this modified version, the two mapped 

40 tapped dibits having results between -9 and +9 
will, upon multiplication, produce a product signal 
at point (f ) with a magnitude signifying the level of 
confidence in the descrambled result. Small mag- 
nitudes are low confidence results while large mag- 

45 nitudes are high confidence results. These results 
may be used in proportion to their confidence level 
to yield an improved detection of the data signal. 
The ten tapped outputs from shift register 270. 
each having one of six decoded values between -9 

50 and +9. are summed by network 273 to produce a 
sum output between -90 and + 90. Data bit values 
and data bit clock can again be derived from the 
sum signal by recovery 59 as described earlier, in 
this example, positive results will indicate the trans- 

55 mission of a "I* while negative results indicate the 
transmission of a "0*. The confidence level of each 
detection is available at point (f') and may be fed 
forward to be used to control the oscillator in a 
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18. The system of claim 17 wherein said cor- 
relator is a digital matched filter. 

19. The system of claim 17 wherein said cor- 
relator includes a multi-level digital matched filter 
including means for digitally encoding said second 
multi-level signal. 
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18. The system of claim 17 wherein said cor- 
relator is a digital matched filter. 

19. The system of claim 17 wherein said cor- 
relator includes a multi-level digital matched filter 
including means for digitally encoding said second s 
multi-level signal. 
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